Four Suffolk wethers (avg wt 65 kg) with ruminal and duodenal cannulae were fed diets containing 75% (75F) or 25% (25F) alfalfa hay at two levels of intake, 1,700 (high intake, HI) or 1,100 (low intake, LI) g dry matter (DM)/d, in a 4 • 4 Latin-square design. When fed 75F diets, wethers had higher (P<.05) ruminal pH and molar proportion of acetate in ruminal fluid than when fed 25F. Ruminal fluid dilution rates were not affected by type of diet, but ruminal particulate dilution rates increased (P<.05) when wethers were fed 75F as compared with 25F. When fed 2$F-HI, wethers had higher (P<.O5) molar proportion of propionate and lower (P<.05) molar proportion of butyrate in ruminal fluid than when fed 25F-LI or 75F at either level of intake. A lower (P<.OS) proportion of total apparent organic matter (OM) digestion occurred in the stomach when wether* were fed at HI. When fed 25F, wethers had a greater (P<.05) quantity of OM and a greater (P<.05) percentage of OM intake truly digested in the stomach than when fed 75F. When fed 75F, wethers tended (P<.IO) to have a greater proportion of digestible neutral detergent fiber (NDF) disappearing in the stomach and a lower proportion digested postruminally than when fed 25F. When fed at HI, wethers had increased (P<.05) flows of nonammonia N (NAN) to the small intestine due to increases (P<.05) in flow of both bacterial and nonbacterial NAN. When fed 25F-Hi, wethers had greater (P<.05) quantities of bacterial N reaching the duodenum than when fed 75F-HI or either diet at LI. Efficiency of bacterial protein synthesis was increased (P<.05) when wethers were fed at HI relative to LI. Duodenal flows of total, essential, nonessential and all individual amino acids were increased (P<.05) when wethers were fed at HI, but were not affected (P>.05) by type of diet. Amino acid profiles of duodenal digesta were similar, regardless of diet. It is concluded that effects due to dietary variables such as intake and forage level must be considered in attempts to predict responses in protein utilization by animals fed diets of differing composition at different levels of intake.
I ntroduction
Intestinal supply of amino acids in ruminants arises from two sources: dietary protein which escapes ruminal degradation and microbial cells which flow out of the reticulo-rumen. Utilization of protein sources resistant to ruminal degradation has often been studied as a strategy for increasing postruminal protein supply to the host (Stern et al., 1983; Santos et al., 1984; van der Aar et al., 1984) . Such work must be complemented by attempts to characterize dietary factors influencing microbial protein synthesis in vivo if more sophisticated systems t Dept. of Anita. Sci. 2The authors gratefully acknowledge the assistance of Ms. Kate Wasson in the laboratory analyses in this study.
Received May 21, 1985 . Accepted September 11, 1985 of evaluating protein nutrition of ruminants are to be implemented. In continuous culture, factors such as fluid dilution rate (Isaacson et al., 1975) , pH (Hoover et al., 1984) and type of carbohydrate (Stern et al., 1978) have been shown to affect efficiency of microbial protein synthesis. A number of dietary variables clearly influence these factors intraruminally. Effects of altering ruminal environment due to dietary changes on postrumina] supply of microbial protein is unclear. This experiment was designed to evaluate effects of, and interactions between, level of intake and level of forage in the diet on ruminal environment, microbial protein synthesis and site and extent of nutrient digestion in sheep.
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Animals (avg wt 65
Materials and Methods
and Diets. Four Suffolk wethers kg) fitted with permanent t-type J. Anim. ScL 1986.62:216-225 cannulae in the rumen and proximal duodenum were used as experimental animals in a 4 x 4 Latin-square design with a 2 x 2 factorial arrangement of treatments. Diets (table 1) consisted of 75% (75F) or 25% (25F) alfalfa hay as a forage source. Hay was chopped through a .95-cm screen before being fed. Concentrate mixes for each level of forage were formulated such that the total diet contained approximately 16.7% curde protein and a minimum of .6% Ca and .4% P. Because one of the major objectives of the present experiment was to investigate effects of intake and forage level per se on microbial protein synthesis, urea and sodium sulfate were included in both diets to ensure that microbial growth was not limited due to inadequate amounts of readily available N or S. Each diet was fed at two levels of intake, approximately 1,100 (LI) or 1,700 (HI) g dry matter (DM)/d. These intakes correspond to approximately 1.6 and 2.6% of body weight, respectively. Hay and the appropriate amount of each concentrate mix were weighed individually for each animal, hand-mixed and fed in two equal portions daily at 0730 and 1930 h. Water was continually available.
Wethers were tethered in elevated meshbottom pens in a temperature-controlled room (24 C) under continuous lighting during the experiment. Each experimental period consisted of a lO-d adjustment phase followed by a 6-d collection of duodenal digesta and fecal samples. Each time the wethers were fed, a bolus containing 1.5 g chromic oxide (Cr2 O3) was placed into the rumen via the ruminal cannula to provide a nonabsorbable marker for measurement of digesta flow.
Sampling Procedures. Samples of hay and concentrate mixes were taken daily on d 6 to 14 of each period. Each wether was fitted with a canvas collection bag to allow total collection of feces on d 11 to 16 of each period. A 20% portion of the daily fecal excretion was saved and composited for each wether in each period. Feces were dried at 55 C and ground (2-mm screen) before laboratory analyses.
Duodenal samples (approximately 75 ml) were collected 2, 6 and 10 h after the morning feeding on d 11, 13 and 15 and 4, 8 and 12 h after the morning feeding on d 12, 14 and 16 of each period. Duodenal samples were then composited and a subsample frozen for subsequent analysis of ammonia-N (NH3-N). The remainder of the duodenal composite was lyophilized and ground (2-mm screen) for further analyses. Ruminal fluid (150 to 200 ml) 22.7 65.1 Soybean meal 7.3 Urea .
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Dicaleium phosphate (IFN 6-01-080) .8 .3 Limestone .8 Trace-mineralized salt b . was collected via a suction strainer placed through the ruminal cannula on d 11 to 16 of each period in a sampling scheme such that a sample was taken at each 2-h interval between the morning and evening feeding. Samples were composited for each wether in each period and a bacteria-rich fraction was isolated in the manner described by Merchen and Satter (1983) . This fraction was lyophilized for subsequent analyses. On d 15 of each period, the morning feeding was marked with 200 mg of ytterbium (Yb) and wethers were dosed intraruminally with 100 mg of cobalt as CoEDTA (Uden et al., 1980) . Whole ruminal contents (100 to 150 g) were taken 4, 8, 12, 16, 20, 24, 36 and 48 h following administration of these markers for use in determining particulate (Yb) and fluid (Co) dilution rates. Whole ruminal contents were separated into particulate and fluid fractions by squeezing through eight layers of cheesecloth. Particulate matter was dried at 55 C and ground (1-mm screen) before Yb analysis. Ruminal fluid samples were centrifuged (31,000 x g for 20 rain) and Co determined in the resulting supernatant. Samples of strained ruminaI fluid (approximately 50 ml) were also taken on d 16 at 2, 4, 8 and 12 h after the morning feeding. Ruminal pH was measured immediately with an Orion 3 Research Digital Ionanalyzer/501 pH meter and samples were acidified with 2 ml 6N HC1 and frozen for later analyses of volatile fatty acids (VFA) and NH3-N.
Sample Analyses. Feeds, duodenal contents and feces were analyzed for dry matter (DM), organic matter (OM) and Kjeldahl N (AOAC, 1975) . The same samples were analyzed for neutral detergent fiber (NDF) by the or-amylase procedure of Robertson and Van Soest (1977) and for acid detergent fiber (ADF; Goering and Van Soest, 1970 Duodenal digesta and lyophilized ruminal bacteria were analyzed for total nucleic acid content according to Zinn and Owens (1982) . Ruminal bacteria were analyzed for total N (AOAC, 1975) and the proportion of total duodenal N provided by bacterial N was calculated by dividing the N:nucleic acid ratio of ruminal bacteria by the N:nucleic acid ratio of duodenal digesta collected from the same wether in the same period. Chromium (Cr) content of duodenal digesta and feces was determined by the technique of Williams et al. (1962) . Dry matter flow (g/d) at the duodenum and feces was calculated by dividing daily Cr intake (mg) by Cr concentration (mg/g) in duodenal digesta or feces. Nutrient flows were calculated by multiplying DM flow by the concentration of the given nutrient in duodena/ or fecal DM. Bacterial N flow (g/d) at the duodenum was calculated by multiplying daily N flow at the duodenum by the proportion of bacterial N in duodenal N.
Ruminal particulate samples were prepared and analyzed for Yb as described by Firkins et al. (1984) . Ruminal samples were analyzed for Co with a Perkin-Elmer s Model 306 atomic absorption spectrophotometer at a wavelength of 240.7 nm. Particulate and fluid dilution rates were determined as the slope of the regression of the natural logarithm of Yb and Co concentration, respectively, on time. Ruminal fluid samples collected on d 16 were analyzed for NH3-N (Chancy and Marbach, 1962) . Ruminal fluid samples were prepared for VFA analysis by centrifuging the acidified samples at 31,000 • g for 20 min. Concentrations of VFA were determined in the supernatant using a HewlettPackard 6 Model 5890A gas chromatograph on a column (180 cm • 4 mm id) packed with 20% Tween 80-2% H3PO 4 on 60 to 80 mesh Chromosorb W 7. Nitrogen was used as a carrier gas with a flow rate of 70 ml/min. Oven temperature was 120 C and detector and injector temperatures were 200 C.
Statistical Analysis. Data were analyzed by analysis of variance for a Latin-square design according to the Genera/ Linear Models procedure of SAS (1982) . Model sum of squares was separated into animal, period and diet effects. Sums of squares for diet effects were further separated into single degree of freedom comparisons for intake, forage level and intake • forage level interaction. When significant (P<.05) interactions occurred, individual treatment means were compared by the F-test protected Least Significant Difference method (Carmer and Swanson, 1973) . Data collected at different times after feeding (ruminal pH, VFA and NH3-N) were analyzed as described for each time interval. Because differences due to treatment were consistent at each point in time, data summarized and presented in tables 2 and 3 represent mean values over all time intervals.
Results and Discussion
Ruminal pH was not affected by level of intake, but was higher (P<.05) when wethers were fed 75F than when fed 25F (table 2) . Increased levels of dietary concentrate typically result in decreased ruminal pH (Hungate, 1966; Fulton et al., 1979) due to rapid hydrolysis and fermentation of nonstructural carbohydrates. Ammonia N concentrations in ruminal fluid were increased (P<.05) when wethers were fed at LI, but were unaffected by forage level (table  2) . Concentrations of NH3-N required for maximal microbial protein synthesis have been reported to range from .35 to 29 mg/100 ml (Owens and Bergen, 1983) . In this experiment, ruminal NH3-N concentrations were generally in the upper range of values reported to be required by ruminal microbes.
Ruminal fluid dilution rates were not affected by either level of intake or forage level (table 2) although wethers tended (P<.09) to have greater fluid passage rates when fed 75F than when fed 25 F. Turnover rates of particulate digesta were not affected by intake, but were increased (P<.05) when wethers were fed 75F compared with rates when fed 25F. Grovum and Williams (1977) demonstrated that increasing level of feed intake resulted in increased dilution rates of both fluid and particulate digesta in sheep fed chopped alfalfa. Feeding increased roughage levels has also increased fluid dilution rates (Rogers et al., 1979; Bergen et al., 1982) . The relatively small effect of forage level on fluid dilution rate in the current experiment may have been due to the fact that the forage in this experiment was chopped rather than fed as long hay. Reducing particle size by chopping may have caused reductions in saliva flow and, consequently, modified forage level effects on fluid turnover in comparison to feeding the same forage as long hay. Although fluid dilution rates were not affected by intake, ruminal volume was greater (P<.05) in sheep fed diets at HI. Calculated values for total fluid outflow from the rumen (fluid dilution rate x ruminal volume • 24 h/d) were increased (P<.05) by approximately 58% when wethers were fed at HI.
Total VFA concentration in ruminal fluid was not influenced by diet (table 3), but VFA profile was altered by both forage level and level of intake. Molar proportion of acetate was greater (P<.05) when wethers were fed 75F as compared to 25F. In addition, there was a trend (P<.06) for an interaction between forage level and intake for molar proportion of acetate, with wethers having lower acetate levels when fed 25F-HI than when fed 25F-LI. When wethers were fed 25F-HI, molar proportion of propionate in ruminal fluid was higher (P<.05) than when fed 25F-LI or 75F at either level of intake (table 3). Molar proportion of butyrate was greater (P<.05) in ruminal fluid when wethers were fed 25F-LI than when fed 25F- (Davis, 1979) . The increase in molar proportion of propionate at the higher level of intake when wethers were fed 25F is probably reflective of the increase in the quantity of starch, a large proportion of which is fermented to produce propionate (Murphy et al., 1982) when presented to the rumen.
Data on site and extent of digestion of OM are reported in table 4. Fecal recoveries of Cr were 97.0 -+ 5.0% of amount dosed and were not affected by treatment. Flow of OM at the duodenum was increased (P<.05) when wethers were fed HI, but was not influenced by forage level. When wethers were fed at HI, a greater (P<.05) quantity (g/d) of OM was apparently digested in the stomach than when fed at LI, but a decreased (P<.05) proportion of total OM digestion (% of digestible OM) occurred in the stomach when wethers were fed at HI. The review of Johnson and Bergen (1982) indicates that increasing level of intake usually results in a decrease in proportion of total OM apparently digested in the rumen. Data of Sutton (1981) suggest that such effects are especially pronounced when diets consisting of hay-concentrate mixtures containing ground corn as the concentrate source are fed. When fed 75F, wethers tended (P<.07) to have a higher proportion of total OM digestion apparently occurring in the stomach. However, when duodenal flows of OM were corrected for OM of bacterial origin, wethers had a greater (P<.05) quantity of OM and a greater (P<.05) percentage of OM intake truly digested in the stomach when fed 25F. This discrepancy occurs due to an increased flow of OM of bacterial origin to the duodenum when wethers were fed 25F. Total tract OM digestibilities were lower (P<.05) when wethers were fed HI or 75F than when fed LI or 25F, respectively. These observations are consistent with previous reports regarding effects of intake and forage level (Chamberlain and Thomas, 1979) on apparent OM digestibility. Duodenal flows of NDF were greater (P< .05) when wethers were fed at HI or 75F (table 5) due, in part, to greater (P<.05) intakes of NDF when wethers were fed these treatments. No differences in site of digestion of NDF were noted due to level of intake, with an average of 71% of digestible NDF disappearing in the stomach across intake levels. When fed at HI, wethers had lower (P<.05) total tract NDF digestibilities. Altering level of forage in the diet did not influence total tract digestibility of NDF, but when wethers were fed 75F, they digested approximately three times more NDF in the stomach than when fed 25F. This increase (P<.05) is partially a result of increased intake of NDF by wethers fed 75F, but wethers fed 75F also tended (P<.10) to have a greater proportion of digestible NDF disappearing anterior to the duodenum and a lower proportion digested postruminally than when fed 25F (table 5) . Approximately 85% of digestible NDF was digested in the stomach when wethers were fed 75F compared to 57% when fed 25F. In the study of Chamberlain and Thomas (1979) , more than 90% of the digestible cellulose disappeared in the stomach of sheep fed mixed hay-concentrate diets. The discrepancy in site of fiber digestion between that study and the current one may be due to the very low intakes (approximately 1.3% of body weight compared with an average of 2.2% of body weight in this experiment) of sheep in the previous experiment. Recent data (Kerley et al., 1985; Mees et al., 1985) from our laboratory indicate that 30 to 60% of digestible NDF disappears postruminally in mature sheep fed 75% concentrate diets containing corn cobs as (table 2) . Ruminal pH values in wethers fed 75F were seldom less than 6.2 while those in wethers fed 25F were below 5.9 for a substantial portion of the day. Mertens (1979) indicated that such diurnal variation in ruminal pH is important in modifying microbial activity and in influencing rate and extent of ruminal digestion of dietary fiber. When fed at the higher level of intake, wethers had higher (P<.05) flows of nonammonia N (NAN) to the small intestine (tablc 6). This increase was the result of an increase in flow of both bacterial and nonbacterial NAN to the duodenum which occurred in association with HI. The greater quantity of nonbacterial NAN arriving at the duodenum was probably the result of increased N intakes. When expressed as a percentage of N intake, a quantity of nonbacterial NAN equal to approximately 41% of dietary N arrived at the duodenum when wethers were fed at HI compared to 31% when fed at LI. Although the mean value for apparent escape of dietary N was 32% greater when wethers were fed at HI, these differences were not significant. Particulate dilution rate from the tureen was not affected (table 2) by level of intake in this experiment. Thus, exposure time of feed components to degradative processes in the tureen should not be radically different due to intake level and differences in extent of ruminal degradation of dietary crude protein would probably be minimal.
A significant (P<.05) interaction between intake and forage level was detected for bacterial N flow to the duodenum (table 6) . When fed 25F-HI, wethers had a larger (P<.05) quantity of bacterial N reaching the duodenum than when fed 75F-HI. When fed either level of forage at LI, wethers had lower (P<.05) bacterial N flows than when fed either diet at HI. Much of the decrease in bacterial N flow when wethers were fed at lower intakes is due to decreased quantities of OM digested in the tureen (table 4) . However, a trend (P<.06) for a similar interaction existed with regard to efficiency of ruminal bacterial N synthesis (table 6) . Therefore, treatment effects on quantity of bacterial N arriving at the duodenum were mediated by differences in quantity of OM digested in the rumen and by differences in efficiency with which N was incorporated into bacterial cells. In this experiment, bacterial N:nucleic acid ratios averaged 1.30 -+ .15 and were not affected by treatment. Effects of intake and forage level on dilution rates of digesta from the rumen might mediate changes in efficiency of microbial protein synthesis. Increases in efficiency of microbial protein synthesis have been reported with increased fluid dilution rates both in vitro (Isaacson et al., 1975) and in vivo (Harrison et al., 1975) . Increased turnover of particulate digesta also results in enhanced efficiency of microbial protein synthesis (Cole et al., 1976; Mees et al., 1985) . In our experiment, increases in efficiency of bacterial protein synthesis due to treatment were not mediated by increases in fluid or particulate dilution rates. Efficiency of bacterial protein synthesis was increased (P<.05) when wethers were fed at HI (table 6), but neither particulate nor fluid dilution rates were increased at HI (table 2) .
Changes in diet composition in this study influenced factors such as ruminal pH (table 2) and nature of substrate supply to ruminal microbes, which may also affect microbial efficiency. Stern et al. (1978) demonstrated that diets containing increasing levels of nonstructural vs structural carbohydrates resulted in increased efficiencies of microbial protein synthesis in continuous culture. Stimulation of bacterial protein synthesis due to greater levels of starch in the diet may explain the increased flow of bacterial N and the trend for improved efficiency of bacterial protein synthesis when wethers were fed 25F-HI (table 6) . Increases (P<.05) in efficiency of bacterial protein synthesis due to HI may result from increased duodenal flows of OM (table 4) because a greater proportion of total bacterial ceils leaving the rumen are associated with particulate matter than with fluid digesta (Faichney, 1980) . When wethers were fed 25F or at HI, larger (P<.05) quantities of N disappeared postruminally than when fed 75F or at LI. When expressed as a percentage of N intake, a quantity (table 7) . In most cases, quantities of amino acids reaching the intestine when wethers were fed at HI were approximately twice those of wethers when fed at LI. Mean values for duodenal amino acid flows were consistently higher when wethers consumed 25F compared with 75F, but no significant (P>.05) differences in amino acid flow due to forage level were detected. Amino acid profiles of duodenal digesta were similar regardless of diet. Across treatments, bacterial N comprised approximately 60% of total duodenal NAN. Chamberlain and Thomas (1979) reported that amino acid composition of bacteria isolated from the rumen of sheep fed diets ranging from all forage to all concentrate was largely unaffected by diet. Since a large proportion of total duodenal NAN consists of bacterial N, it would be anticipated that little difference in amino acid profile of duodenal digesta would occur in the current experiment.
Dietary variables such as intake and forage level clearly affect and interact to affect ruminal metabolism, site of OM and NDF digestion, efficiency of bacterial protein synthesis and postruminal N and amino acid supply. In this experiment, increasing level of intake of a diet containing 25% forage resulted in shifts in ruminal fermentation pattern and increases in efficiency of bacterial protein synthesis which did not occur with increased intakes of a diet containing 75% forage. Both forage level and level of intake resulted in shifts in site of OM and NDF digestion and influenced supply and availability of N postruminally. Although increasing intake increased postruminal supply of amino acids, amino acid profile of duodenal digesta was largely unaffected by forage or intake level. Such effects must be considered in future attempts to develop models for predicting responses in protein utilization by animals fed diets of different composition at different levels of intake.
